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Extended abstract
1-Introduction
During recent years, employing GIS and

combine it with multi criteria decision
making (MCDM) methods, have been
extensively utilized to model land use
suitability.  However these models are
mainly based on individual decision making
approach and group based decision making
methods have rarely been developed for land
use suitability analysis.

To model land use suitability, usually

different factors such as climate, existing
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land cover/land wuse type, access to
infrastructure such as road, gas and power,
latitude, distance from earthquake hazard
zones, access to water resources and etc
should be considered. Due to the various
stakeholders in this process, it is necessary
to integrate the difference of opinions of
different groups in the model.

As a result, land use suitability analysis
should be done based on group decision
making approach involving various groups
of experts.

In this paper a group decision making model
based on fuzzy-IOWA method is developed
for residential land suitability analysis. This
model is implemented in Kermanshah

province.
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2-Theoretical bases
In this study, Fuzzy OWA and Induced

OWA (IOWA) utilized in GIS environment
to model land suitability in residential areas
in Kermanshah  province includes
Kermanshah, Harsin, Kangavar, Sahneh and
Songhor cities. Based on interview with four
experts (an environmentalist, a civil
engineer, an agronomist and an irrigationist)
ten main criteria have been determined.
Then, each expert determined the
importance of each criterion individually.
Next, factor maps related to each criterion
were aggregated based on the preferences of
each expert using of IOWA method.

Some experts are optimistic and accept risk
and others have opposite opinion. Fuzzy
OWA method due to quantify linguistic
variables allows to adopt different decision
strategies of experts. As well as the IOWA
make it possible to filter expert preferences
that are incompatible with the opinion of the

others.

3-Results and Conclusion
Each criterion defines a factor map. Based

on the expert’s preferences the weight of
each factor map was calculated. Fig.1
illustrates hierarchical structure of various
criteria. Fig.5 demonstrates the results of the

model in the case study area. This figure

presents the suitability maps related to the
preferences of each expert as well as final
suitability map resulted from the developed
group decision making model.

The figures show clearly the difference of
opinions of experts. For example, Sahneh
city is classified as high suitable in some
individual maps but medium suitable in final
group map. This city is in an earthquake
zone with very high risk and has weak
access to infrastructures, so considering this
city as very high suitable is not reasonable.
Using of the developed group based model,
this city is classified as moderate as a result
of assigning high weight to similar
experts’opinions using of [IOWA method.
With review the final suitability map, can be
observed that Bisetoon and Kermanshah are
classified as high suitable, because of their
good situation to access to roads, energy
network and water resources, as well as
placed far from the earthquake hazard zones.
According to the results, in the case study
area 59249, 358502, 439642, 175302 and
124902 hectares are defined as high suitable,
suitable, moderate, pretty unsuitable and
unsuitable, respectively.

Keywords: Land use suitability modeling,
GIS, Group decision making, OWA, IOWA



Urban - Regional Studies and Research Journal, Vol. 5, No. 19, Winter 2014 39

References

Boroushaki, S., J. Malczewski. (2010). Using
the fuzzy majority approach for GIS-based
multicriteria group decision-making,
Computers & Geosciences 36 (2010) 302—
312.

Bydekerke, L., E.Van Ranst, L.Vanmechelen,
and R.Groenemans. (1998). Land suitability
assessment for Cherimoya in southern
Ecuaddor using expert knowledge and GIS ,
Agriculture, Ecosystem and Environment,
69: 89-98.

Chen, S.J., C.L. Hwang. (1992). In: Fuzzy
Multiple  Attribute  Decision Making:
Methods and Applications, Springer-Verlag,
Berlin, Germany 536 pp.

Eastman, J.R. (1997). In: IDRISI for Windows,
Version 2.0: Tutorial Exercises, Clark
University, Worcester, MA.

Heywood, I, Oliver, J , Tomlinson, S. ( 1995).
Building an exploratory multi-criteria
modeling environment for spatial decision
support, In: Fisher, P. (Ed.), Innovations in
GIS, vol. 2. Taylor & Francis, London, pp.
127-136.

Jafari, S. , N.Zaredar. (2010). Land Suitability
Analysis using Multi Attribute Decision
Making Approach , International Journal of
Environmental Science and Development,
Vol.1, No.5, ISSN: 2010-0264.

Kalogirou, S. (2002). Expert systems and GIS:
an application of land suitability evaluation,
Computers, Environment and Urban
Systems26 (2002) 89—-112.

Malczewski, J. ( 2004). GIS-based land-use
suitability analysis: a critical Overview,
Progress in Planning 62 (2004) 3-65.

Malczewski, J.  (  2006a). GIS-based
multicriteria decision analysis: a survey of
the literature, International Journal of
Geographical Information Science 20 (7),
703-726.

Malczewski, J. (2006b). Ordered weighted
averaging with fuzzy quantifiers: GIS-based
multicriteria  evaluation for land-use
suitability analysis, International Journal of
Applied Earth Observations and
Geoinformation 8 (4), 270-277.

Malczewski, J. (2003). GIS-multicriteria
evaluation with ordered weighted averaging
(OWA): case study of developing watershed
management strategies Environment and
Planning, A 2003, volume 35, pages 1769 —
1784.

Mokarram, M., F. Aminzadeh.( 2009). GIS-
Based Multicriteria Land  Suitability
Evaluation  Using  Ordered  Weight
Averaging With Fuzzy Quantifier: A Case
Study In Shavur Plain, Iran, The
International Archives of the
Photogrammetry, Remote Sensing and
Spatial Information Sciences, Vol. 38, Part
IL

Pasi, G., R.R. Yager. (2006). Modeling the
concept of majority opinion in group
decision-making”, Information Sciences
176, 390—414.

Rajesh, B.T., M. Yuji. (2008). Land evaluation
for peri-urban agriculture using analytical
hierarchical process and  geographic
information system techniques: A case study
of Hanoi, Land Use Policy, Volume 25,
Issue 2, Pages 225-239.

Rodrigo, S.S. , J.Emmanuel, M.Carranza, and
B.N. Uday. (2005). Fuzzy modeling of
farmers' knowledge for land suitability
classification, Agricultural Systems, Volume
83, Issue 1, Pages 49-75.

Rossiter, D. G. (1996). A theoretical framework
for land evaluation, Geoderma 72: 165-190.

Van Ranst, E. , L.X. Scheldeman, , M.Van
Mechelen, Van Meirvenne, and P.Kips.(
1995). Modeling the land production
potential for maize in north-west Cameroon
using GIS, Proceeding of the ISSS
International symposium (working group RS
and DM), 489-502 pp.

Yager, R.R., D.P. Filev.( 1999). Induced ordered
weighted averaging operators, IEEE
Transactions on Systems, Man, and
Cybernetics 29 (2), 141-150.

Yager, R.R. (1988). On ordered weighted
averaging aggregation operators in multi-
criteria decision-making, IEEE Transactions
Systems, Man and Cybernetics 18 (1), 183—
190.



40 Urban - Regional Studies and Research Journal, Vol. 5, No. 19, Winter 2014

Yager, R.R. (1996). Quantifier guided
aggregation using OWA operators, Interna-
tional Journal of Intelligent Systems 11 (1),
49-73.

Yager, R.R. (1997). On the inclusion of
importances in OWA aggregation. In: Yager,
R.R., Kacprzyk, J. (Eds.), The Ordered
Weighted Averaging Operators: Theory and
Applications, Kluwer Academic Publishers,
Boston, pp. 41-59.

Yager, R.R. (2001). The power average
operator, IEEE Transactions on Systems,
Man, and Cybernetics 31 (6), 724—731.

Yunliang, M. , J.Malczewski, and S.Boroushaki.
(2011). A GIS-Based Multicriteria Decision

Analysis Approach for Mapping
Accessibility ~ Patterns of  Housing
Development Sites: A Case Study in
Canmore, Alberta, Journal of Geographic
Information System, 50-61.

Zadeh, L.A. (1965). Fuzzy sets, Information and
Content 8 (3), 338-353.

Zadeh, L.A. (1983). A computational approach

to fuzzy quantifiers in languages, Computers and

Mathematics with Applications 9, 149184





